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Attempts to utilize animals for the experimental study of hemolytic strepto- 
coccus infections  v/a  the  natural  upper  respiratory route,  have  rarely been 
successful.  In 1913  Wollstein and Meltzer (1) induced a  lobular pneumonia 
in dogs following intrabronchial insufflation of 15 to 20 cc. of a  streptococcus 
culture.  Graham and Bell (2) described similar findings following intratracheal 
insuffiation  of  2  to  5  cc.  of fluid  obtained  from  a  streptococcus  empyema. 
Introducing  intratmcheally,  by  means  of  a  catheter,  quantities  of  culture 
varying from 0.01 to 10 cc., Gay and Rhodes (3) induced bronchopneumonia in 
rabbits.  Stillman and Branch  (4) found the mouse susceptible to  intranasal 
inoculation with the streptococcus.  Subsequent investigators have confirmed 
the finding that the mouse is a suitable experimental animal for this bacterium. 
Blake and Cecil (5) produced pneumonia following intratracheal inoculations 
of a  hemolytic streptococcus in Macaca syrichta  but no respiratory  infection 
occurred in a  monkey receiving the inoculation via the nose and throat.  The 
experiments described here were undertaken to observe the reaction of monkeys 
to intranasal instillation of Streptococcus hemolyticus,  group C, under differing 
nutritional  conditions.  These  studies  were  preliminary  to  investigations  of 
the combined effects of influenza virus and streptococcus infections. 
Materials  and  Methods 
Infectious  Agent.--Streptococcu¢ hemolyticus, group C, isolated in 1936 at University Hos- 
pital from a case of scarlet fever, was maintained by storage al~ --78°C.  The inoculum was 
prepared as follows: Virulent streptococci, as determined by mouse inoculations, were seeded 
on North's chocolate gelatin agar slants and incubated at 37°C. for 18 to 24 hours.  The 
growth on the slants was gently washed off with sterile saline and the suspension adjusted to 
the desired turbidity.  The larger particles were allowed to settle and the supematant was 
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used as the inoculum.  Colony counts'on blood agar plates were made to determine  the 
approximate number of viable bacteria. 
Monkeys.--The  procedures for the selection and study of the Macaca mulatta have  been 
described in a previous paper (6).  Animals selected for study were inoculated intranasally 
while under deep ether anesthesia, with 3 cc. of the saline suspension  of living organisms (ap- 
proximately 250 million per cc.). 
Obser~atlons.--The monkeys were observed closely for any evidence of infection.  Rectal 
temperatures were taken daily. 
Hematologlc.--Serial  studies of the circulating formed elements of the blood were made 
daily, using the supravital technic, and similar observations of the bone marrow were obtained 
at critical junctures. 
Baaeriologic.--Throat  swabs were streaked out on blood agar plates which, after incubation, 
were examined particularly for hemolytic streptococci.  The streptococci isolated were typed 
by Lancefield's method (7) to insure identification and to exclude possible  spontaneous con- 
tamination by other strains from human sources. 
Immunologic.  Opsonic Test.--Daily opsonic index determinations, by a  modification of 
Huddleson's method (8) were made.  Young 18 to 24 hour cultures were suspended in 2 per 
cent sodium citrate and adjusted to a standard turbidity of 30 billion organisms per cc.  Equal 
quantities (0.1 cc.) of the suspension and of whole blood obtained from the marginal ear vein 
were mixed and  incubated  for  1 hour at  37°C.  Thick  smears were then  made, dried by 
means of an electric fan, and placed in  1 per cent acetic acid and 5 per cent formalin for 2 
minutes.  The  smears were then  stained  with Bordet-Gengou's carbol-toluidin blue.  In 
determining the degree of phagocytosis, the bacteria in 25 consecutive polymorphonuclear 
cells were counted and  the phagocytic power measured  by the average number  of bacteria 
engulfed by  each phagocyte,  in  contrast to  the number phagocytized in the presence  of 
serum taken before inoculation. 
Precipitins.--The antigen dilution method was used to determine the precipitin response, 
the antigen being the carbohydrate fraction of the cell, extracted by Lancefield's method (7). 
The serum samples tested were obtained at approximately 5 day intervals after infection. 
Anti, treptdysius.--The serum samples used for the precipitin test were also employed in 
these studies.  The method used was essentially that described by Long and Bliss (9). 
Response of the Nutritionally  Normal Monkey to Primary Streptococcus Infection 
Experiment/:--Nine monkeys on an adequate diet were inoculated intranasally with the 
hemolytic streptococcus.  Of this number, six animals showed a  febrile reaction which ap- 
peared within 24 to 48 hours and lasted from 1 to 6 days.  There were also mild degrees of 
anorexia in these animals.  Daily throat cultures revealed the appearance of the specific strep- 
tococcus between 24 to 96 hours.  In four of the nine monkeys the streptococcus was still 
present after 1 month. 
All of the nine monkeys  in this group  showed a marked polymorphonuclear leucocytosis 
which appeared within the first 24 hours after inoculation in six of the animals, and within 48 
hours in the remainder.  In four of these animals the leucocytes returned promptly to normal 
levels aiad remained there following this single brief period of granulocytosis.  In the other 
five animals, however, the initial sharp rise and decline of the neutrophils was followed by sev- 
eral subsequent rebounds, usually with granulocytic peaks of progressively diminishing ampli- 
tude, over a period of 10 to 13 days after inoculation.  At the end of this time, the normal 
leucocytic equilibrium was reestablished.  The lymphocytes frequently showed minor recipro- 
cal fluctuations.  In the animals which showed more intense and prolonged signs of infection 
there was characteristically a significant progressive decline in hemoglobin and red ceils for S 
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reticulocytes which was follo~-ed by a spontaneous return of red ceils and hemoglobin to normal 
values, usually within 20 days after inoculation. 
Monkey 6 (Fig. I) is illustrative of the leucocytic response, with granulocytes rising from 
7,000 to 47,000 within 24 hours,  (19,000  to 57,000  total W.B.C.),  falling sharply,  and  then 
rebounding to 18,000 and 15,000 neutrophils on the 5th and 9th days, respectively.  A normal 
white cell equilibrium was reestablished on the 13th day after streptococcal inoculation. 
Monkey 3-0 (Fig. 2) also showed a marked granulocytosis.  This was unique, however, in 
that the three granulocytic peaks progressively increased in amplitude with neutrophils spiking 
from 4,000 to 16,000, 21,000, and 30,000  (47,000 total W.B.C.) on the 1st, 3rd,  and 8th days 
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FzG.  1.  Marked polymo~honuclear  leucocytosis  following  intranasal  inoculation  with 
streptococcus. 
respectively.  A moderate decline and subsequent recovery in red cells and hemoglobin were 
also observed. 
In six animals in the group daily studies were made of the specific phagocytic activities of 
the polymorphonuclear leucocytes.  Before inoculation the leucocytes of all the animals dis- 
played little or no in vitro phagocytic activity for streptococci, with averages of 0 to 2 bacteria 
per phagocyte.  After instillation of the  streptococcus, little or no  qualitative change in any 
of the granulocytes was noted over a 2 week period with the index remaining essentially the 
same, although, owing to the marked leucocytosis, the total phagocytic activity was effectively 
increased. 
Precipitins in low titer were present in the serum of two of the nine monkeys before inocula- 
tion  (M 1, 3-0), and increases in titer were noted in  the  serum of M  1 after 5 days and in 
M 3-0 after  23 days.  Of the  remaining seven animals, four developed precipitins between 256  STREPTOCOCCUS HEMOLYTICUS~ GROUP  C~  IIq'FECTION 
the 8th and 28th postinoculation days while the  other  three  monkeys did not show this 
antibody. 
Anl~tr#noly.vin determinations onthe serum of eight of the animals  showed preinoculatinn 
levels ranging from 0 to 50 units with an average of 10 to 14 units in six of the monkeys.  Fol- 
lowing infection an increase in titer was noted in only three of the eight animals (lV[ 5, 6, 6-4). 
The serum of M 5 contained 100 units per cc. on the 27th day, as compared to 50 units before 
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FIG. 2. Leucocytosis following primary inoculation with streptococcus, but not reinocu]a- 
tion.  Note increase  in opsonic index after reinoculation only. 
inocuhtion.  M 6 showed a rise from 20 to 50 units by the 8th postinoculation day, and a fur- 
ther increase to 100 units  on the 28th day.  M 6-4 displayed a slight rise to 33 units  on the 12th 
postinoculation day, as compared to the preinoculation value of less than 10 units. 
Following the streptococcus instillations, blood cultures were frequently  taken but were 
consistently negative. 
In summary, there was no increase in phagocytic properties of the individual 
neutrophilic granulocytes following instillation of the streptococcus, though a 
prompt and effective leucocytosis developed; precipitins were increased in the 
serum of six of nine monkeys and antistreptolysins in three of eight. SASLAW~ WILSON, DOAN, WOOLPERT, AND  SCHWAB  267 
Results of Reinoculation  with the Streptococcus 
Experiment Z.--Two monkeys 0VI 20, 3-0) were reinoculated intranasally  8 weeks after the 
first infection to compare and contrast the cellular and humoral phenomena with those occur- 
ring after primary inoculation with this agent.  Both animals at this time were still carrying 
a fev¢  specific  streptococci in their throats, but were well to all appearance, and normal hemato- 
logically.  The opsonic index in M 2-9 was 0 while that of M 3-0 was 4, as compared to 
averages of 0 to 2 after primary inoculation.  Precipitins were absent in the serum of M  20, 
but in that of M 3-0 a reaction was noted with the antigen diluted 1-10.  The antistreptolysin 
titer was 10 units per cc. in M 20 and 50 in M 3-0. 
Reinoculation of the streptococcus did not produce ,the pyrexia or the leucocytosis which 
had followed primary inoculation.  However,  one of the two animals (M  3-0) showed a sig- 
nificant decline in red cells and hemoglobin for a period of 20 days after reinoculation, with 
subsequent gradual recovery (Fig. 2).  The opsonic index in M 3-0 showed a delayed increase 
from 4 to 7 by the 6th day and was 11 between the 8th to 12th postinoculation days; on the 
16th day a further rise to 15 was noted.  The index in M 20 increased from 0 to 4.2 after 24 
hours, but fell again to values between 0 to 2 until  the 12th postinoculation da.y, when the index 
was 5 and remained thereabouts for the following  5 days.  The precipitins,--which were not 
detectable in the serum of M 2-9 before reinoculation,--were present on the 5th day in a titer 
of 1 in 10.  There was likewise  an increased response in the serum of M 3-0 after 5 days from 
a  titer of 1 in 10 to 1 in 100.  The antistreptolysin  content was not altered in these two 
animals. 
In  summary,  two  monkeys  reinoculated  with  Streptococcus  hemolyticus, 
group C, did not develop the febrile reaction nor the leucocytosis which charac- 
teristically followed their primary inoculation.  One of the animals did how- 
ever, develop a significant transitory anemia.  Reinoculation with the strepto- 
coccus was followed by an increase in the phagocytic capacity of the individual 
granulocytes, which was not observed following primary inoculation.  There 
was also an increase in precipitins, but not in antistreptolysins. 
Results of Inoculation with Heat-Inactivated  Streptococcus 
The inoculation of monkeys with heat-killed streptococci offered an oppor- 
tunity to compare not only the symptomatic, but particularly the serologic and 
hematologic  responses  with  those  observed  following the  administration of 
living virulent streptococci.  Portions of  the  stock  streptococcus suspension 
used as routine in these studies were heated at 70°C. for 90 minutes.  After 
testing  the  inactivated material  for  sterility,  3  cc.  amounts  were  instilled 
intranasally in the usual manner. 
Experiment 3.--Three monkeys inoculated intranasally  with the heat-inactivated  strepto- 
coccus failed to exhibit any ill effect.  No febrile response was observed in any of this group. 
The leucocytosis ~hich characteristically follows the introduction of living streptococci,  was 
notably absent in all three animals.  The opsonic activities of the blood cells in these animals, 
as noted in the monkeys receiving active streptococci, did not increase following inoculation. 
No precipitins were observed in two animals (M 7-2, 7-3) before or after introduction of the 
inactivated suspension, while M 7-0 which had sufficient antibody to react with undiluted 
antigen prior to inoculation had no increase in titer.  The antistreptolysin  titer of the sera 
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No obvious evidence of physical change or serological response was obtained 
following the administration of dead streptococci intranasally in three monkeys. 
Reactions of Nutritionally Deficient Monkeys to 
Hemolytic Streptococcus Infections 
In order to study the relation of diet to susceptibility to the streptococcal 
respiratory infection, six monkeys (M 2-3, 5-4, 5-5, 1-4, 1-43, 8) which had devel- 
oped the "vitamin M  deficiency" syndrome as a result of maintenance on syn- 
thetic diets previously described .(10,11) were inoculated with the streptococcus. 
In contrast to the relative resistance, with recovery, of the monkeys on normal 
diet,  five  of the six deficient animals declined rapidly  and died with strep- 
tococcic  septicemia.  The  symptomatic  and  hematologic  responses  prior  to 
death  were in sharp contrast with those in the nutritionally normal animals 
previously discussed. 
Experiment  4.wMonkey 2-3 (Fig. 3) was inoculated on the 191st day of the diet.  There 
was no febrile response to the infection, but erysipelas appeared over the nose and left eye on 
the 3rd postinoculation day.  The lesion had rapidly extended in a widespread butterfly dis- 
tribution by the 6th day.  At this time there was marked weakness and anorexia.  On the 7th 
day prostration was extreme, respirations became slow and labored, and the animal expired. 
At necropsy the lungs  contained numerous  bright red hemorrhagic  areas.  The liver and 
kidneys were enlarged and showed cloudy swelling.  The specific streptococcus was isolated 
from the heart blood, lungs, liver, spleen, kidneys, and from fluid aspirated from the edematous 
eyelids. 
Prior to inoculation,  the animal presented a  typical nutritional leucopenia  and a  slight 
degree of anemia.  The total white cell count at this time was 4,800, with 3,400 neutrophils 
and 980 lymphocytes, as contrasted with predict base line levels of 12,000 total W.B.C., 5,600 
neutrophils, and 5,100 lymphocytes.  In the presence of thisleucopenia, streptococcal instilla- 
tion stimulated a brief abortive relative granulocytosis.  24 hours after inoculation, the total 
W.B.C. reached 10,350 with 8,900 neutrophils and 1,000 lymphocyteS, only slightly more than 
the  normal preinoculation base  line levels.  This relative leucocytosis  was  sustained for 
only 3 days, after which all of the white elements dropped precipitously to a total of 1,400 
per c. ram. with only 900 neutrophils per c. mm.  It is noteworthy that the first signs of ery- 
sipelas appeared just at the end of the abortive granulocytic response.  The thrombocyte 
levels dropped sharply after streptococcus instillation.  The mild degree of nutritional anemia 
(4.4 million red cells, 11.2 gin. of hemoglobin) was accentuated by the infection, the red ceils 
falling in 8 days to 3.5 million with 10.2 gm. of hemoglobin per 100 cc.  In contrast to the 
normal animals there was no associated reticulocyte response. 
Monkey 5-4 (Fig. 4) was inoculated on the 167th diet day, and subsequently exhibited signs 
similar to those in M 2-3.  On the 3rd postinoculation day there was a slight febrile response; 
early facial erysipelas  was first apparent on the 9th day, and became well advanced by the 11th 
day with a butterfly distribution over both eyes and the nose.  The condition of the animal 
declined rapidly, with a terminal febrile response beginning on the 15t.h day, and lasting until 
death on the 18th day.  At necropsy, small abscesses were noted in the lungs, which yielded 
streptococci on direct smear and culture.  The specific streptococcus  was isolated from the 
heart blood, lungs, liver, spleen, kidneys, and eyelids. 
During the 167 diet days prior to inoculation,  the white cell count had fallen from 17,200 
with 8,800 neutrophils and 5,900 lymphocytes to 5,400 total W.B.C., 2,000 neutrophils, and 
2,400 lymphocytes.  24 hours after streptococcus  inoculation,  a brief relative granulocyti¢ SASLAW~ WILSON~ DOAN~ WOOLPERT~ AND  SCHWAB  269 
response brought the total white cells up to 8,300, with 5,100 neutrophUs and 1,600 lympho- 
cytes, still below normal base line levels.  Later granulocytic peaks of 7,500 to 9,000  total 
white cells appeared on the 5th, 10th, and 15th postinoculation days, after which there was a 
precipitous decline in all the white elements to a terminal level of 3,000 per c. ram.  A relative 
nutritional thrombocytopenia was not accentuated by the infection in this animal.  As in the 
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Fxo. 3. Streptococcus instillation was followed by an abortive Icucoc~ods with profound 
terminal leucopenia in a nutritionally deficient monkey which died ~th erysipelas  and sepsis. 
case of M  2-3, a  moderate nutritional anemia was increased by the  streptococcus infection 
without an associated reticulocyte response. 
Following inoculation, there was no increase in individual cellular phagocytic properties, 
the index varying from 0 to 3 bacteria per cell.  Antistreptolysins were not altered, but pre- 
cipitins appeared in low titer on the 5th day after inoculation. 
Monkey 1-4 showed a distinct febrile reaction on the 5th and 6th postinoculation days with 
temperatures of 105.1 and 103.7°F., respectively, as compared with base line averages of 100- 
102°F.  The condition of the animal deteriorated rapidly, with death on the 8th postinocula- 
tion day,  due  to a  streptococcus septicemia.  The organism was isolated  from the heart 
blood, lungs, liver, kidney, and spleen. 270  STREPTOCOCCUS  HEMOL3/TICUS,  GROUP  C,  IN'FECTION 
In the presence of a preinoculatlon nutritional leucopenla of 6,000 W.B.C; per c. ram. with 
3,000 neutrophils as compared with normal base line values of 18,000 W.B.C. and 7,000 neutro- 
phils,  streptococcus  instillation  stimulated  a  granulocytic  response  to  19,800  neutrophils 
(25,000  W.B.C.), attaining this maximum value 48 hours after onset of the infection.  This 
granulocytic response was sustained for 4 days.  There followed a rapid progressive decline in 
aU white elements to a terminal level of 1,700 W.B.C. with 900 granulocytes, 630 lymphocytes, 
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FIG.  4.  Streptococcus instillation  in  a  nutritionally  deficient  monkey  was  followed by 
granulocytic  rebounds  and  then  marked  terminal  leucopenia.  This  animal  died  with 
erysipelas and streptococcus sepsis. 
response noted above.  There was also a sharp decline in thrombocytes foUowing the onset of 
the infection.  The red cell values dropped from 4.5 million to 2.8 million, and the hemoglobin 
from 12.8 to 6 gm. per 100 cc. during the 8 postinocuhtion days.  There was no associated 
reticulocyte response.  No precipitins or antistreptolysins were formed in the serum of this 
animal.  The opsonic index, which before inoculation averaged 11 to 12 bacteria per granu- 
locyte, increased sUghtly to 14 to 15 between the 3rd and Sth postinoculation days but dropped 
to 10 on the 8th day. 
Monkey 5-5, which was inoculated on the 179th day of diet, became very lethargic on the 
4th day of infection.  Weakness progressively increased and the animal expired on the 7th 
day.  The specific streptococcus was isolated from all of the parenchymatous organs. SASLAW~ WILSON~ DOAN~ WOOLPERT~ AND  SCHWAB  271 
The hematologic response to infection consisted of a delayed but very transitory granulocyte 
rise from the dietary leucopenic level of 2,800 to 30,000 neutrophils on the 6th postinocuhtion 
day.  The count had~allen again to a profound leucopenic level on the following day, on which 
death occurred.  There was a moderate increase in the degree of anemia. 
No  increase in phagocytic properties or antistreptolysins was noted;  precipitins were 
detected in low tiler on the 5th day. 
Monkey 1-43 was inoculated with the hemolytic streptococcus while in a dietary induced 
leucopenic  (PMN 3,200) and anemic state (R.B.C.  2,600,000, Hb. 10.2 gm.).  4 days after 
inoculation the animal became weak and lethargic and on the 7th day expired.  Postmortem 
examination revealed generalized lymphadenopathy and diffuse generalized mottling of the 
lungs.  The specific streptococcus was isolated from the heart blood and all the parenchy- 
matous organs. 
Monkey 8 was the one animal in this group to survive the streptococcus infection,  only to 
die of a  staphylococcus septicemia 32 days after streptococcus inoculation.  The primary 
focus of the terminal infection was probably the ulcerated lip which yielded Staphylococcus 
aureus on culture.  No febrile response  was noted after instillation of the streptococcus. 
The animal became weak and listless on the 9th day.  At this time blood culture was positive 
for Staphylococcus aureus. 
There was a marked, but brief, relative granulocytic response between the 1st and 5th 
postinoculation days, which,  was insufficient however  to bring the leucocyte counts up to 
normal preleueopenic levels.  A dramatic fall from 4.0 million to 1.3 million red cells and from 
11.0 to 5.3 gin. of hemoglobin occurred in the first 14 days after inoculation.  There was a 
very limited concurrent  reticulocyte response.  The  thrombocytes were  not  significantly 
altered by the streptococcus infection, but were moderately depressed after the onset of the 
staphylococcal septicemia• 
The opsonic index, which was 12 before inoculation,  rose sharply after instillation of the 
streptococcus,  with averages as high as 44 bacteria per cell.  Since this animal had received 
streptococcus inoculation in a previous experiment 12 months earlier, the initial high index 
and prompt and marked increase corresponds  with our findings (M 2-9, 3-0) mentioned in 
this report and in earlier experiments (12)• 
In summary, five of six nutritionally deficient monkeys inoculated intrana- 
sally with Streptococcus kemolyticus, group C, died with streptococcus septicemia 
within 7  to  18 days; two  of the five monkeys also had facial erysipelas.  A 
late  febrile reaction  occurred  in  three  of the  six  animals.  Inoculation  was 
followed by a  brief abortive leucocytosis in all of these monkeys, and in four 
of the six this was followed by an extreme leucopenia.  The infection increased 
the degree of anemia in all of these monkeys, but there was little or no associated 
reticulocyte  response.  Significant  depression  of  thrombocytes  followed 
inoculation in two of the six animals.  Immunologically, the response did not 
differ  significantly  from  that  observed  in  normal  monkeys.  The  opsonic 
index determined in four animals receiving streptococcus for the first time was 
not affected; one monkey which had received streptococcus 12 months earlier 
showed a  sudden marked increase in this  activity after  reinoculation.  Anti- 
streptolysins showed a slight increase in one of four monkeys tested; precipitins 
were formed or increased after 5  days in the serum of three of four monkeys 
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The  Incidence of  Spontaneous Endogenous Infections  in  Nu~rilionally 
Deficient  Monkeys 
The present observations  indicating an increased susceptibility of nutrition- 
ally deficient,  leucopenic  monkeys to  experimentally induced streptococcus 
infections are supported by a recorded increase in the incidence of a variety of 
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FIG. 5.  Restoration of nutritional and hematologic equilibrium following addition of folic 
acid to vitamin M-deficient diet.  Note earlier response of granulocytes followed in sequence 
by a reticulocytosis and then the increase in erythrocytes. 
spontaneous bacterial infections  (14) under these conditions.  An analysis of 
the findings in monkeys maintained on one or the other of four modified dietary 
regimes points to the importance of adequate nutrition for normal bone marrow 
integrity and supports the concept of the essential  rSle of the leucocyte in 
resistance  to pyogenic  infections. 
All of four monkeys on the modified Goldberger diet 600 (17), which is low in vitamin B, 
developed leucopenia, while three of the four also showed an anemia.  Four monkeys on a 
basic  synthetic  vitamin  B-flee diet  became  leucopenic,  concomitant anemia  occurring in 
three.  Leucopenia developed in all of seven monkeys maintained on diet I  (i0), which is a 
synthetic vitamin B-free diet supplemented with thiamine hydrochloride, riboflavin, pyridoxin 
hydrochlorlde, nicotinic acid amide, and calcium pantothenate.  Four of these seven showed .SASLAW~ WILSON~ DOAN~ WOOLPERT~ AND  SCaSvVAB  273 
a moderate degree of anemia.  On diet II (10), which contained in addition to the constituents 
of diet I, pimelic acid, glutamine, choline chloride, inositol, and sodium paraminobenzoate, 
all of twenty monkeys developed leucopenia while anemia was noted in only ten.  Of this 
total of thirty-five monkeys, eleven animals died with spontaneous endogenous infections with 
Shigdla dyse~ericw (Flexner).  One monkey died with pneumonia  due  to Klebsidla pncu- 
monia¢, one developed a hemolytic streptococcus bronchopneumonia,  one died with staphy- 
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FIG. 6.  Effect of Hver extract and fo~c acid in spontaneous dysentery infection m  a nutrl- 
tionally deficient monkey.  Folic acid failed to check the terminal downhill course. 
lococcus septicemia.  Thus, a total of fourteen of thirty-five animals on nutritionally deficient 
diets with peripheral leucopenia, died with spontaneous infections.  This number combined 
with five deaths due to experimentally induced streptococcal infections described earlier in 
this paper and five fatalities following the instillation of influenza virus (13) gave a total of 
twenty-four spontaneous or experimentally induced deaths in thirty-five nutritionally deft- 
dent monkeys. 
Control monkeys maintained on a basic vitamin B-free diet supplemented with liver extract 
did not develop any evidence of nutritional or hematologic disequilibrium (11) and did not 
show increased susceptibility to spontaneous infections as did monkeys on the deficient diets. 
Similarly monkeys rendered deficient on diet II  (Fig. 5)  were restored  to nutritional and 
panhematologic balance foilowing the administration of folic acid (L. casd factor) (16).  One 
animal  (Fig. 6)  showing an advanced deficiency syndrome,  developed dysentery, failed to 274  STREPTOCOCCUS HEMOLYTICUS~ GROUP  C, INFECTION 
respond to folic  acid, and expired in an irreversible  phase. Thus, the presence  of this essential 
substance (vitamin M), which is present in liver and yeast and identical with synthetic L. 
ca~e/factor, is necessary  for the nutritional well-being  of the monkey, more  specifically  for the 
integrity of the bone marrow, and hence  for the maintenance of the circulating cellular  reserve 
(leucocytes), without which both spontaneous and experimental infections in the  monkey 
became highly dangerous to survival, despite the development of demonstrable humoral 
antibodies. 
DISCUSSION 
The foregoing experimental data indicate that Macaca mu~tta on a normal 
diet is relatively resistant to intranasal inoculation with virulent Streptococcus 
hemolyticus, group C.  No external evidence of infection  was noted in any 
of  the  nine  monkeys  inoculated  other  than  a  mild  temporary fever and 
minor  degrees  of  anorexia.  On  the  other  hand,  monkeys  showing  the 
"vitamin  M"  deficiency syndrome were found  to  be extremely susceptible 
to the same strain of streptococcus.  Following instillation of the infectious 
agent,  five  of  six  monkeys  succumbed  with  streptococcal  septicemia  in 
periods varying from 7 to 18 days. 
As in influenza in monkeys, (13)  little difference was noted in the humoral 
response between the normal and nutritionally deficient animals.  There was 
sharp  contrast,  however,  in  the  hematologic responses between the  normal 
and  the  nutritionally  deficient  monkeys.  In  the  latter,  the  granulocytic 
response was brief and quantitatively slight, being insuf~cient to attain the 
previous normal base line levels in three of the six animals.  Furthermore the 
neutrophils which responded to this stimulus were qualitatively poor, contain° 
ing toxic granules and multilobular nuclei with a  tendency to swell and to 
fragment early.  In four of the six animals, the abortive relative leucocytosis 
was followed by a  marked absolute leucopenia, which was far more extreme 
than  that  observed in  numerous  animals  with  nutritional  leucopenias  but 
without induced infections.  The anemia which developed in these  animals 
was  characteristically more  marked  than  that  observed in  normal  animals 
following streptococcal infections.  The absence of an appreciable reticulocyte 
response in the infected, nutritionally deficient group was in sharp contrast to 
the spontaneous reticulocytosis occurring in the animals on normal diet, which 
initiated the recovery from the hemolytic anemia.  In two of the six animals 
there was  a  significant drop in  thrombocytes  following  inoculation.  Thus, 
the introduction of a superimposed streptococcus infection in monkeys showing 
a  nutritional panhematopenia apparently imposed a  further toxic depressive 
factor  on  an  already  relatively  hypoplastic' bone  marrow,  with  resulting 
progressive diminution in all of the blood cell elements. 
The immune response did not differ significantly in the normal and nutrition- 
ally deficient animals.  All the monkeys showed little or no phagocytic activity 
in the granulocytes of the  blood after primary infection.  On  reinoculation SASLAW, WILSON, DOAN, WOOI.PERT, AND  SCHWAB  275 
with the original strain of streptococcus,  however, an increase in the phagocytic 
activity of the individual granulocytes was noted, both in the two monkeys on 
adequate diet, and in the one monkey  on the deficient diet, which had previously 
received  streptococcus.  Following infection,  precipitins were formed in low 
titer in six of the nine normal monkeys  and in three of the four deficient animals 
tested; likewise antistreptolysins were increased in the serum of three of eight 
normal animals, and in one of the four of those tested on inadequate diet. 
The data suggest that the antibody response was an indication of invasion, 
but was not necessarily  a  deciding  factor in the definitive  resistance  of the 
animal.  The leucocyte response, however, did appear to bear a more definite 
relationship to the severity of infection and to survival.  In normal monkeys 
the marked white cell response  to streptococcal  infection and the return to 
preinfection levels only as the infection came under control, apparently reflected 
an adequate bone  marrow potential contributing to  the  disposition  of the 
infectious  agent.  By contrast, in monkeys  maintained on diets lacking vitamin 
M (L. case/factor), the failure of these cellular elements to dispose of the infec- 
tion during the initial abortive response,  resulted in the marrow itself being 
overwhelmed  and exhausted by the toxic agent. 
Blood  cultures  taken  from  the  nutritionally normal  monkeys receiving 
streptococcus  were  consistently negative, while five of the six nutritionally 
deficient  monkeys died with a  streptococcus  septicemia,  and two of the six 
developed progressive facial erysipelas.  As suggested in a previous paper (13) 
the epithelial barriers to infection may be so affected by the nutritional defi- 
ciency as to render the tissues more vulnerable to invasion by infectious agents. 
Previous reports from this and other laboratories (14, 15) in which nutritionally 
deficient  monkeys developed  spontaneous endogenous  dysentery infections, 
add further support to the evidence indicating a relation between intact epithe- 
lial barriers and resistance.  The observation made in connection with our 
studies of influenza virus (13), that normal respiratory epithelium apparently 
offers a barrier to infection, seems to apply to streptococcal  infections as well. 
SUMMARY A~D CONCLUSIONS 
Macaca mulatta on a normal diet proved to be resistant on intrana~al inocu- 
lation with Streptococcus hemolyticus, group C. 
More than half of the monkeys maintained for various periods on a modified 
dietary regimen  deficient  in  vitamin B  became  more  or  less  anemic.  All 
developed a granulopenic leucopenia during which many developed spontaneous 
infections,  and  all  were  extremely susceptible  on  intranasal instillation of 
Streptococcus hemolyticus,  group C. 
In normal monkeys, primary inoculation with the streptococcus  resulted in 
an immediate marked neutrophilic leucocytosis.  In the nutritionally deficient 
animals with leucopenia, only an abortive transitory leucocytosis was observed. 276  STREPTOCOCCUS HEMOLYTICUS, GROUP C~ INFECTION 
Following reinoculation  with  the  same strain  of hemolytic  streptococci in 
normal healthy monkeys, the prompt leucocytic response originally observed, 
failed to develop, yet the animals remained asymptomatic.  In the first instance 
the opsonic index  remained  low at the preinoculation  base line level, but in 
the  second, a  sharp  increase  in  the  opsonic index occurred  in  several  days. 
This  humoral  response  apparently  rendered  unnecessary  the  quantitative 
granulocytic leucocytosis associated with  survival in the first instance.  There 
was no demonstrable difference in time of appearance or titer of the antibody 
responses, i.e. precipitins,  antistreptolysins,  and opsonins between the  normal 
and nutritionally deficient monkeys. 
Synthetic  folic acid  (L.  case/factor)  relieved both leucopenia and anemia 
promptly in the "vitamin M'-deficient monkeys, with increase in resistance to 
endogenous infection  when  this  supplement  was given sufficiently promptly. 
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